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In this study, we report the reaction mechanism of well-crystalline nano-particles of potassium niobate 
KNb03 via a new colloid chemistry method at room temperature. Local structure of perovskite nano-sheet in 
the colloidal solution and nano-particles were investigated by Nb K-edge XAFS (XANES/EXAFS) 
spectroscopy. The crystal structure of nano-particles was determined by a Rietveld refinement of a neutron 
powder diffraction pattern. The XANES and EXAFS data indicate clear evidence that the nano-sheets consist 
of distorted Nb-0 polyhedra with low coordination number. 
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1. INTRODUCTION 
Landfilled lead containing products cause increased 

risk of contamination to the environment such as 
groundwater. Therefore, many lead-free ferroelectric 
materials have been extensively investigated. Potassium 
niobate, K.Nb03, is a ferroelectric material with an 
orthorhombic perovskite structure at room temperature. 
This is one of the most promising candidates for 
application in lead-free piezoelectric devices because of 
its large electromechanical coupling constant [1, 2]. 
However, the application of K.Nb03 ceramic sample has 

been limited by the poor sinterability using conventional 
sintering technique. Traditional solid state reaction leads 
to the grain growth of K.Nb03 powder, which decreased 
the driving force for the densification of ceramic sample. 

Recently we developed simple and unique solution 
process for fabricating submicron K.Nb03 powders with 
good sinterability [3-8]. Rock-salt type KF block in a 
Ruddlesden-Popper type layered perovskite, K2Nb03F, 
can be selectively dissolved in water to produce niobate 
nano-sheets. Subsequent self-assembly process among 
the nano-sheets in a colloidal solution could yield 
nanosized K.Nb03 particles at room temperature. The aim 
of this work is to illustrate the reaction mechanism of the 
new colloid chemistry method by investigating the 
environment ofNb atom. Detailed structural informations 
around the Nb atoms in the nano-sheets and 
nano-particles have been studied by a combination of a 
Rietveld refinement using neutron powder diffraction 
pattern and Nb K-edge XAFS measurements. 
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2. EXPERIMENTAL 
The precursor K2Nb03F powders used in this study 

were synthesized by conventional solid state reaction. 
High-purity powders with a ratio of KF : K2C03 : Nb20 5 

= 2.6 : 1 : 1 were used as starting materials. Calcinations 
were carried out for the mixed powders in air at 1063 K 
for 1 h. The synthesized samples were characterized by 
an electron probe microanalysis (EPMA), X-ray 
fluorescence spectroscopy (XRF) and powder X-ray 
diffraction (XRD) analysis. 

1 g K2Nb03F powders suspended in 100 g of water 
was stirred over night with magnet stirrer at room 
temperature. With elapse of time, a white color of 
suspended solution changed to a clear white solution. 
This solution was filtered using a membrane filter (pore 
size, 450 nm) to remove a small amount of coarse grain. 
An observation of the Tyndall effect indicated that the 
filtered solution is a colloidal solution consisting of many 
fine particles suspended in water. As-prepared solutions 
were stable for 1 year without any precipitation. Nano 
particles were isolated from colloidal solution using 
centrifugal separator and air-dried. 

Nb K-edge XAFS (XANES/EXAFS) spectra were 
recorded at room temperature in a transmission mode at 
BL-10B in KEK-PF with a Si(311) monochromator (ring 
energy 2.5 GeV and stored current of250-350 mA). The 
X-ray was detected ion chambers with N2 (50%) I Ar 
(50%) mixed gas and Ar gas for Io and I detectors, 
respectively. Normalization of XANES and data 
reduction and curve-fitting analysis of EXAFS were 
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carried out as described elsewhere [9]. The powder 
neutron diffraction data for structural analysis were 
collected using a Kinken powder diffractometer for high 
efficiency and high resolution measurements, BERMES, 
of Institute for Materials Research (IMR), Tohoku 
University, installed at the JRR-3M reactor in Japan 
Atomic Energy Research Institute (JAERI), Tokai [10]. 
An incident neutron wavelength 'A was 0.18207(7) nm. 
The fine powder sample was enclosed in a cylindrical 
vanadium vessel. The data were collected on thoroughly 
ground powders by a multi-scanning mode in the 2e 
range from 3° to 153° with a step width of0.1 °. Rietveld 
structure refinement was carried out with the program 
RIETAN2000 [11]. 

3. RESULTS AND DISCUSSION 
The colloidal particles were examined by the 

observation of the Tyndall effect for the filtered solution. 
An existence of nano-sheets in the colloidal solution was 
also identified by a direct TEM observation [6-8]. These 
experiments indicate that layered oxyfluoride, K2Nb03F, 
is exfoliated into single layers in water at room 
temperature without an intercalation of bulky bases such 
as tetrabuthylammonium [12]. 
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Fig. 1 X-ray absorption near-edge structures 
(XANES) around Nb K-edge for the samples. 

Figure 1 shows the X-ray absorption near-edge 
structures (XANES) around Nb K-edge for the samples. 
The XANES feature is known to be sensitive to the local 
structure. The XANES spectra of KNb03 ((b) air-dried 
sample) and KNb03 ((c) annealed colloid chemistry 
sample at 1273 K) are very close to that of KNb03 ((d) 
reference sample synthesized by the solid state reaction), 
exhibiting well-resolved two maxima, while these two 
maxima are not clearly resolved for KNb03 colloid. This 
indicates that the local structure of KNb03 (b) and 
KNb03 (c) are very close to KNb03 (d), while structure 
ofNb-0 polyhedra in colloidal solution is different from 
that of bulk Nb-0. The pre-edge peak (at around 18990 
e V) found at low energy side of the edge absorption is 
due to dipole-forbidden transition 1s --> 3d. It is generally 
accepted that the intensity of the pre-edge peak increases 
as the symmetry around absorbing atom is distorted from 
the regular octahedron [13]. The pre-edge peak ofKNb03 
colloid is more intense than KNb03 ((d) reference 
sample). This implies that Nb in KNb03 colloidal 
solution is more distorted than Nb06 octahedra in 

KNb03. 
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Fig. 2 Fourier transformed spectra of If -weighted 
EXAFS. 
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Figure 2 shows the Fourier transformed spectra of 
12 -weighted EXAFS. Peaks in the region 1-2 A are due 
to the backscattering by the adjacent oxygen atoms. For 

KNb03, peaks at 3.0 and 3.6 A should be due to the 
backscattering by the neighboring K and Nb atoms, 
respectively. The EXAFS spectra of KNb03 (b) and 

KNb03 (c) are very close to that ofKNb03 ((d) reference 
sample). The XANES and EXAFS characterizations 
show that well-crystallized potassium niobate, KNb03, 

was synthesized by colloid chemistry method at room 
temperature. In the EXAFS spectra of the KNb03 colloid 
a peak due to adjacent oxygen (1-2 A) and a peak at 3.0 
A were observed. The latter peak can be assigned to 

neighboring Nb atom. The curve-fitting analysis for the 
second shell was performed by employing empirical 
interatomic distance and the coordination number for the 
KNb03 colloidal solution were 3.380 A and 3.1, 

respectively. These values are lower than those ofKNb03 

(mean Nb-Nb distance 4.02A and coordination number 
6). Therefore, the XAFS data suggested that the niobate 
nano-sheets lost apical fluorine anions in the colloidal 
solution [14]. 

Figure 3 shows the powder neutron diffraction pattern 
fitting for KNb03 prepared by the colloid chemistry 

method. All of the reflections can be indexed with those 
of the orthorhombic symmetry. The crystallographic data 
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Fig. 3 Rietveld refinement of KNb03 (colloid chemistry method) using powder neutron diffraction pattern. The 
calculated and observed patterns are shown on the top by the solid line and dots, respectively. The vertical marks in 
the middle show the positions calculated for Bragg reflections. The trace on the bottom is a plot of the difference 
between the calculated and observed intensities. 

Table I. Structural parameters and reliable factors of soft chemical KNb03• 

Atom Site X y z Beq(x10-2nm2
) 

K 2a 0.5 0 0.491(4) 0.7(1) 

Nb 2b 0 0 0 0.7(1) 

0(1) 2a 0.5 0 0.967(2) 0.4(1) 

0(2) 4e 0 0.249(1) 0.720(1) 0.7(1) 

Lattice parameters (nm) : a= 0.39891(3), b = 0.56949(7), c = 0.56968(7) 

Reliable factors : Rwp = 3.86 %, Rp = 2.95 %, Re= 2.24 %, R1 = 2.09 %, RF = 1.23 % 

Goodness offitS= 1.72 
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are shown in Table I. The Rietveld refinement using the 
neutron powder diffraction pattern indicates that the 
crystal structure of the sample synthesized by the colloid 
chemistry method essentially maintained the 
orthorhombic symmetry. This agrees with the results of 
Nb K-edge XAFS (XANESIEXAFS) spectra. However, 
the orthorhombic distortion for the colloid chemistry 
sample was smaller than that of solid state reaction 

sample [15]. The origin of their crystallographic behavior 
is unclear at present. 

The XANES and EXAFS data demonstrate that the 

observed restructuring process from two-dimensional to 
three-dimensional perovskite was explained by the 
exfoliation-restacking mechanism. When a layered 
perovskite precursor, K2Nb03F, is immersed in water, the 
rock-salt-type block, KF, is selectively dissolved in water 
and the exfoliations into nano-sheets can occur. The 
restacking of the exfoliated rigid 2D nano-sheets into 3D 
perovskite is progressing rapidly in the centrifugation 
process. This colloid chemistry route using the selective 
dissolution of the layered perovskite precursors is a 
powerful tool for the low-temperature preparation of the 
nano-particles and thin films. 

4. CONCLUSIONS 

The reaction mechanism of new colloid chemistry 
method for the preparation of well-crystalline KNb03 

nano-particles were investigated by Nb K-edge XAFS 
(XANESIEXAFS) spectroscopy. The exfoliation -
restack:ing mechanism for restructuring of perovsk:ite 
nanosheets can explain the observed colloid chemical 
reaction. This technique is a typical build-up process and 
could make a contribution to the development of 
atomic-scale synthetic technology in the field of the 
nanotechnology. 
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